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(54) COMBUSTION GAS SEAL FOR INJECTOR AND SEALING STRUCTURE WITH THE 
COMBUSTION GAS SEAL 



(57) The invention relates to a combustion gas seal 
for injectors and to a seal structure disposed therewith, 
for preventing leakage of combustion gas In a state In 
which an Injector is mounted to an engine head. And, 
the number of parts Is reduced, vibration and noise are 
reduced, and sealing perfomiance Is Improved. A ta- 
pered surface, in which an clearance between the ta- 



pered surface and an Inner peripheral surface of a 
mounting hole of the engine head narrows from an en- 
gine bore side towards an athiospheric side, is disposed 
at a groove bottom of an attachment groove of the In- 
jector, and an abutment portion that abuts against the 
tapered surface is disposed at the combustion gas seal 
for Injectors. 
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Description 

Technical Reld 

[0001 ] The present invention relates to a combustion 
gas seal for Injectors and to a seal structure disposed 
therewith, for preventing leakage of combustion gas in 
a state, in which an injector is mounted to an engine 
head. 



perfomiance Is Improved. 
Disclosure of the Invention 



Background Art 

[0002] Conventionally, there have been combustion 
gas seals for Injectors of the type shown, for example, 
in Rgs. 13 and 14. 

[0003] Fig. 1 3 Is a schematic structural diagram show- 
ing a state, in which an Injector Is mounted to an engine 
head. Fig. 14 is a schematic diagram for describing a 
seal structure of.a combustion gas seal for Injectors ac- 
cording to conventional art. 

[0004] Here. In the case where an Injector 50 Is 
mounted to an engine head 60, It Is necessary to prevent 
leakage of combustion gas from a neighbortiood of the 
mounted portion of the injector 50. 
[0005] Thus, washer-shaped seals 100 and 200 are 
conventionally provided In two locations on the mount 
of the Injector 50 as shown in Rg. 1 3 to prevent leakage 
of combustion gas. 

[0006] These seals 100 and 200 are formed from a 
metal such as copper. As shown In Fig. 14, these seals 
1 00 and 200 carry out sealing by a clamping force Q 
due to a clamping force obtained when the injector 50 
is mounted to the engine head 60. 
[0007] Here, as shown, for example, In Fig. 13, the 
clamping force Is obtained by a clamp 70 pushing the 
injector 50 due to the clamp 70 being clamped to the 
engine head 60 by a screw 71 . 

[0008] However, in the case of the configuration of the 
above-described conventional art, the number of parts 
increases because, in order to carry out the sealing, 
parts such as sleeves made of ductile metals (copper, 
brass, etc.) are necessary in addition to the metal wash- 
er-shaped seals 1 00 and 200. 

[0009] Also, as mentioned above, because the metal 
washer-shaped seals 1 00 and 200 are made to seal us- 
ing a clamping force, the clamp 70, the sleeve, and the 
seals 100 and 200 contact each other as like metal 
members. Therefore, vibration Is promoted by vibration 
resulting from the engine and the like, which leads to 
noise because large sounds are generated by the por- 
tions of metal contact. 

[0010] Moreover, load based on vibrations and heat 
causes reduction in the clamping force whereby sealing 
pertormance Is degraded with time. 
[0011] It is an object of the present invention to pro- 
vide a combustion gas seal for injectors and a seal struc- 
ture disposed therewith, in which the number of parts is 
reduced, vibration and noise are reduced, and sealing 



5 [0012] In order to achieve the above-described ob- 
ject, a seal structure of the Invention comprtses: 
amounting hole that mounts an injector and is disposed 
In an engine head; an annular attachment groove dis- 
posed In the injecton and a resin-made combustion gas 
10 seal for Injectors that is attached to the attachment 
groove and seals an annular space between the mount- 
ing hole and the injector, wherein an inclined surface, in 
which an clearance between the inclined surface and 
an inner peripheral surface of the mounting hole nar- 
is rows towards a opposite-pressurized side, is disposed 
at a groove bottom of the attachment groove. 
[0013] Thus, sealing Is accomplished with the resin- 
made combustion gas seal for Injectors, a clamp or the 
like Is not necessary, vibration Is absorbed, and noise Is 
^ not generated. Also, due to the inclined surface dis- 
posed at the attachment groove, surface pressure Is 
generated at the mounting hole side when the combus- 
tion gas seal for Injectors b pressurized from the pres- 
surized side. 

25 [001 4] The Inclined surface may be a tapered surface 
whose diameter expands towards the opposite-pressu- 
rized side. 

[001 5] Also, the Inclined surface is preferably config- 
ured by plural tapered surfaces having respectively dif- 
30 ferent angles of inclination, and the angle of Inclination 
of each tapered surface is set so that a degree of diam- 
eter expansion of the tapered surfaces becomes suc- 
cessively larger towards the opposite-pressurized side. 
[0016] Thus, surface pressure is secured by the ta- 
35 pered surface whose degree of diameter expansion Is 
small at the pressurized side, and sliding advancement 
of combustion gas seal for Injectors can be reduced by 
the tapered surface whose degree of dlanheter expan- 
sion Is large at the opposite-pressurized side, 

40 [0017] Moreover, the Inclined surface may be a 
curved surface in which a degree of diameter expansion 
becomes largertowards the opposite-pressurized side. 
[0018] Thus, sliding advancement of the combustion 
gas seal for injectors can be reduced. 

45 [0019] The attachment groove may be configured by 
a two-stepped groove that includes a first groove por- 
tion, which has a deep groove bottom, and a second 
groove portion, which has a shallower groove bottom 
than that of the first groove portion, with the Inclined sur- 

50 face being disposed between the first groove portion 
and the second groove portion, and the combustion gas 
seal for Injectors may be attached. In an Initial state, at 
a portion at which the first groove portion and the in- 
clined surface are disposed. 

55 [0020] Thus, because the combustion gas seal for In- 
jectors can slid along the second groove portion, no po- 
sitional regulation Is carried out and generation of sur- 
face pressure resulting from the inclined surface can be 
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maintained, even In a case where the combustion gas 
seal for injectors has exceeded the inclined surface due 
to being pressurized. 

[0021 1 A cross-sectional shape of the combustion gas 
seal for injectors may be rectangular. 
[0022] An Inclined surface, In which the clearance be- 
tween the Inclined surface and the inner peripheral sur- 
face of the mounting hole narrows towards the opposite- 
pressurized side along the Inclined surface disposed at 
the groove bottom of the attachment groove, is prefer- 
ably disposed at a seal surface side, against the groove 
bottom of the attachment groove, of the combustion gas 
seal for injectors, 

[0023] In a resin-made combustion gas seal for injec- 
toris of the Invention that is attached at an attachment 
groove disposed In an Injector mounted in a mounting 
hole of an engine head and seals an annular space be- 
tween the mounting hole and the injector, the combus- 
tion gas seal for Injectors includes a first seal surface 
that is in tight contact with an Inner peripheral surface 
of the mounting hole, and a second seal surface that Is 
In tight contact with a groove bottom of the attachment 
groove, wherein an abutment portion that abuts against 
an Inclined surface, in which an clearance between the 
inclined surface and an inner peripheral surface of the 
mounting hole narrows towards a opposite-pressurized 
side, that is disposed at a groove bottom of the attach- 
ment groove is disposed at the second seal surface. 
[0024] An inclined surface, in the clearance between 
the inclined surface and the inner peripheral surface of 
the mounting hole narrows towards the opposite-pres- 
surized side along the inclined surface disposed at the 
groove bottom of the attachment groove, is preferably 
disposed at the abutment portion. 



Brief Description of the Drawings 
[0025] 

Fig. 1 is a schematic cross -sectional diagram show- 
ing a seal structure according to a first embodiment 
of the invention; 

Fig. 2 Is a schematic croiss-sectlonal diagram show- 
ing the seal stmcture according to the first embod- 
iment of the invention; 

Fig. 3 is a schematic cross -sectional diagram show- 
ing a mating stmcture for mounting a combustion 
gas seal for Injectors according to the first embodi- 
ment of the Invention; 

Fig. 4 is a cross section of the combustion gas seal 
for injectors according to the embodiments of the 
invention; 

Fig. 5 Is a schematic structural view of a testing de- 
vice for evaluating the combustion gas seal for in- 
jectors according to the embodiments of the Inven- 
tion; 

Figs. 6 are explanatory diagrams of samples used 
in the evaluation testing; 
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Fig. 7 Is a graph showing results of the evaluation 
testing; 

Figs. 8 are diagrams for describing a malfunction 
of a comparative example; 

Fig. 9 is a schematic cross-sectional diagram show- 
ing a seal structure according to a second embod- 
iment of the invention; 

Fig. 10 Is a schematic cross-sectional diagram 
showing a seal structure according to a third em- 
bodiment of the Invention; 

Fig. 11 is a schematic cross-sectional diagram 
showing the seal structure according to the first em- 
bodiment of the invention; 

Fig. 12 is a schematic cross-sectional diagram 
showing a seal structure according to a fourth em- 
bodiment of the Invention; 
Fig. 13 is a schematic structural diagram showing 
a state, in which an Injector Is mounted to an engine 
head; and 

Fig. 1 4 Is a schematic diagram for describing a seal 
structure of a combustion gas seal for Injectors ac- 
cording to conventional art. 

Best Mode for Carrying Out the Invention 



[0026] Preferable embodiments of the invention will 
be exemplarily described in detail below with reference 
to the drawings. Unless otherwise specified, dimen- 
sions, materials, shapes, and relative dispositions of 
30 structural members described in the embodiments are 
not Intended to limtt the scope of the Invention only 
thereto. 



35 



(First Embodiment) 



[0027] A combustion gas seal for Injectors and a seal 
structure disposed therewith according to a first embod- 
iment of the Invention will be described with reference 
to Rgs. 1 to 8. 

40 [0028] Figs. 1 and 2 are schematic cross-sectional di- 
agrams showing the seal structure according to the first 
embodiment of the invention, with Fig. 2 showing an en- 
larged view of a portion of Fig. 1 . And, Fig. 3 is a sche- 
matic cross-sectional diagram showing a mating struc- 

45 ture (structure of engine head and Injector) formounling 
the combustion gas seal for Injectors according to the 
first embodiment of the Invention. Fig. 4 Is a cross sec- 
tion of the combustion gas seal for injectors according 
to the embodiments of the invention. 

50 [0029] Fig. 5 Is a schematic structural view of a testing 
device for evaluating the combustion gas seal for Injec- 
tors according to the embodiments of the invention. 
Figs. 6 are explanatory diagrams of samples used in the 
evaluation testing. Fig. 7 Is a graph showing results of 

55 the evaluation testing. Figs. 8 are diagrams for describ- 
ing a malfunction of a comparative example. 
[0030] A combustion gas seal for Injectors 1 accord- 
ing to the present embodiment Is for preventing com- 



3 



EP 1 357 284 A1 



6 



bustlon gas from leaking from a periphery of a mounting 
hole when an Injector 30 is mounted In a mounting hole 
disposed In an engine head 40. 
[0031] As shown In Fig. 1, the combustion gas seal 
for injectors 1 seals an annular space between (an outer 
periphery of) the Injector 30 and an Inner peripheral sur- 
face 41 of the mounting hole of the engine head 40. The 
combustion gas seal for injectors 1 is also used by being 
attached to an annular attachment groove 31 disposed 
in (an outer periphery of) an edge portion of the Injector 
30. 

[0032] Here, the combustion gas seal for injectors 1 
according to the present embodiment Is formed by a res- 
in material having high heat resistance. More specifical- 
ly, pure PTFE or a resin composition comprising PTFE 
and a filler, or a resin material such as an elastomer hav- 
ing flexibility, can be used. 

[0033] Also, the combustion gas seal for injectors 1 
has a ring shape In which an outer diameter thereof is 
larger than an inner diameter of the mounting hole of the 
engine head 40 and an Inner diameter thereof Is smaller 
than an outer diameter of a groove bottom 31 a of the 
attachment groove 31 . 

[0034] Therefore, the combustion gas seal for Injec- 
tors 1 is ordinarily attached In a compressed state Irre- 
spective of the presence or absence of pressure caused 
by combustion gas. Additionally, the outer diameter side 
and the inner diameter side of the combustion gas seal 
for injectors 1 are in tight contact with the Inner periph- 
eral surface 41 of the mounting hole of the engine head 
40 and the groove bottom 31 a of the attachment groove 
31 of the Injector 30, respectively, and exhibit sealing 
perfomiance. 

[0035] That Is. the combustion gas seal for injectors 
1 1s disposed with a first seal surface 11 . which is in tight 
contact with the inner peripheral surface 41 of the 
mounting hole of the engine head 40, and a second seal 
surface 12, which is In tight contact with the groove bot- 
tom 31 a. 

[0036] As described above, because the combustion 
gas seal for injectors 1 according to the present embod- 
iment Is a resin material, it absorbs vibration even If vi- 
bration or the like Is transmitted thereto, does not emit 
noise, &nd exhibits a sound-Insulating effect. 
[0037] Incidentally, by using a combustion gas seal for 
injectors fomied by a resin material as described above, 
the number of parts Is reduced because a clamp or the 
like becomes unnecessary, assemblabllity becomes 
better, and costs can be reduced. Also, noise can be 
reduced because metal contact can be eliminated. 
[0038] However, it was understood that. In a case 
where the cross-sectional shape of the attachment 
groove Is rectangular, sealing perfomiance Is reduced- 
with time due to creep deformation and the Influence of 
heat. 

[0039] This point will be described with reference to 
Figs. 8. 

[0040] As is illustrated, a combustion gas seal for in- 



jectors 300 has a cross-sectional shape that Is rectan- 
gular. The combustion gas seal for injectors 300 Is used 
by being attached to an attachment groove 501 , whfch 
is disposed in an Injector 500 and has a o-oss-sectional 
s shape that is rectangular. The combustion gas seal for 
injectors 300 has a configuration that seals an annular 
space between the injector 500 and a mounting hole dis- 
posed in an engine head 600. 

[0041] In this case, the combustion gas seal for injec- 
10 tors 300 exhibits stable sealing perfomiance (the state 
shown In Fig. 8(a)) in an initial state because a mashed 
portion remains. 

[0042] However, creep defomiation is generated with 
time by a difference in themial expansion between the 
'5 engine head 600 and the combustion gas seal for injec- 
tors 300 due to the combustion gas seal for Injectors 
300 being used for a long period of time In a hot envi- 
ronment, whereby the mashed portion becomes zero 
(the state shown In Fig. 8(b)). 
20 [0043] In this manner, when the environmental tem- 
perature becomes low (e.g., -40'»C) In a state In which 
the mashed portion has become zero, a space is gen- 
erated by the contraction of the combustion gas seal for 
injectors 300, and gas leaks (the state shown In Fig 8 

25 (c)), 

[0044] From the above, It was understood that, when 
the cross-sectional shape of the attachment groove Is 
rectangular, it is difficult to maintain stable sealing per- 
formance over a long period of time. 
30 [0045] Thus, in the present embodiment, a tapered 
surface 31b that serves as an inclined surface in which 
an clearance between the inclined surface and the inner 
peripheral surface 41 of the mounting hole of the engine 
head 40 nan-ows from an engine bore side (E), which 
35 serwes as a pressurized side, towards an atmospheric 
side (A), which serves as a opposite-pressurized side, 
Is disposed at the groove bottom 31 a of the attachment 
groove 31 of the injector 30. 

[0046] Additionally, an abutment portion 12a, which 
40 abuts against the tapered surface 31b disposed at the 
groove bottom 31 a of the attachment groove 31 , is dis- 
posed at the combustion gas seal for Injectors 1. 
[0047] Here, the cross-sectional shape of the com- 
bustion gas seal for Injectors 1 may be rectangular. Also, 
4S the abutment portion 12a may have a tapered shape, 
along the tapered surface 31 b disposed at the groove 
bottom 31ia of the attachment groove 31, In which the 
clearance between the inclined surface and the inner 
peripheral surface 41 of the mounting hole of the engine 
50 head 40 similarly narrows towards the atmospheric side 
(A). 

[0048] Thus, as shown in Rg. 2. when the combustion 
gas seal for Injectors 1 receives pressure PO from the 
engine bore side (E), the abutment portion 12a receives 
55 a reaction force PI from the tapered surface 31b. Thus, 
a surface force P2 with respect to the inner peripheral 
surface 41 of the mounting hole of the first seal surface 
11 is generated by the component force thereof. 
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[0049] Also, even If creep deformation occurs with 
time, the abutment portion 12a of the combustion gas 
seal for injectors 1 slides along the tapered surface 31b 
disposed at the groove bottom 31a due to the pressure 
PO being applied from the engine bore side (E). There- 
fore, the first seal surface 11 Is always in tight contact 
with the inner peripheral surface41 of the mounting hole 
in a state in which sufficient surface pressure is held. 
[0050] In this manner, in the present embodiment, 
sealing perfomiance is improved and stable sealing per- 
formance Is exhibited over a long period of time. 
[0051 ] Next, the shapes and dimensions of each con- 
figuration will be described with particular reference to 
Figs. 3 and 4. 

[0052] First, the cross-sectiorial shape of the attach- 
ment groove 31 disposed In the injector 30 will be de- 
scribed with reference to Fig. 3. 

[0053] As is illustrated, a taper angle a (In the cross- 
sectfonai shape, the angle of inclination toward the inner 
peripheral surface 41 from a surface parallel to the Inner 
peripheral surface 41 of the mounting hole of the engine 
head 40) of the tapered surface 31b disposed at the 
groove bottom 31 a is 0 to 90*, preferably 5 to SO', and 
more preferably 5 to 45**. 

[0054] A height a of the side surface at the side at 
which the taper Is disposed is 0 mm or more, and pref- 
erably 0.05 mm to 0.5 mm. 

[0055] A length b of the portion disposed with the ta- 
per is, with respect to a length c of the overall groove 
bottom (Ix-c), 90% or less, and more preferably 20 to 
60%. 

[0056] Next, the cross-sectional shape of the com- 
bustion gas seal for injectors 1 will be described with 
reference to Fig. 4. 

[0057] As Is illustrated, a taper angle p in a case where 
the abutment portion 12a disposed at the combustion 
gas seal for Injectors 1 has a tapered shape is set so 
that it is equal to or less than the taper angle a of the 
tapered surface 31b disposed at the groove bottom 31a 
(i.e., so that p^). It should be noted that it is preferable 
that p=0'*, i.e., to make the cross section rectangular 
without disposing a taper 

[0058] A length d of the portion disposed with the ta- 
per is set so that it is equal to or less than the length b 
of the portion disposed with the tap er in the tapered sur- 
face 31 b disposed at the groove bottom 31a (i.e., so that 
d^). However, as described above, it is preferable that 
dsOmm, I.e., to make the cross section rectangular with- 
out disposing a taper. 

[0059] By setting, in this manner, the dimensions and 
the cross-sectional shapes of the combustion gas seal 
for Injectors. 1 and the attachment groove 31 disposed 
in the injector 30, sealing performance Is, as mentioned 
above, improved, and it becomes possible to exhibit sta- 
ble sealing performance over a long period of time. 
[0060] Next, the filling coefficient of the combustion 
gas seal for injectors 1 will be described. In the combus- 
tion gas seal for Injectors 1 according to the embodi- 



ments of the Invention, the filling coefficient with respect 
to the attachment portion is set to be 1 00% or less. 
[0061] That is, as shown in Fig. 3, when the cross- 
sectional area of the cross section of the annular space 
5 portion fonmed by the Inner peripheral surface 41 of the 
mounting hole of the engine head 40 and the attachment 
grpove 31 disposed in the Injector 30 Is A1 and, as 
shown in Fig. 4, the cross-sectional area of the combus- 
tion gas seal for injectors 1 (cross-sectional area in a 
10 state in which the combustion gas seal for injectors 1 is 
not compressed, and so on, before attachment) is A2, 
they are set so that A2+A1^1 . 

[0062] Next, results when evaluation was conducted 
In relation to the combustion gas seal for injectors ac- 
'5 cording to the present embodiment will be described 
with reference to Figs. 5 to 7. 

[0063] With regard to evaluation testing, as shown in 
Pig. 5, a jig 202 was disposed In a constant temperature 
bath 201 . And, N2 gas was sent from a nitrogen cylinder 
20 203 to the seal portion of the combustion gas seal for 
injectors disposed In the Jig. And, N2 gas that leaked ac- 
cumulated In a container 205 disposed in a water tank 
204, and the leakage amount was measured by meas- 
uring the accumulated amount. 
25 [0064] The jig 202 was configured by a supply shaft 
301 corresponding to the Injector, a supply housing 302 
corresponding to the engine head, and an O-ring 202a 
that prevented leakage from the space therebetween. 
[0065] And, the combustion gas seal for Injectors was 
30 attached to the attachment groove disposed in the sup- 
ply shaft 301, and the annular space between the supply 
shaft 301 and the supply housing 302 was sealed. The 
Ng gas was sent to the seal portion. 
[0066] More specifically, first, after the combustion 
35 gas seal for injectors was attached, the combustion gas 
seal for injectors was left in an environment of 150*^0 for 
50 hours with no pressure. Thus, the leakage amount 
was measured at -40"C by pressurizing the N2 gas after 
creep deformation had been accelerated. 
40 [0067] Here, in order to conduct evaluation in regard 
to the combustion gas seal for injectors according to the 
embodiments of the Invention, the evaluation was con- 
ducted using, as shown In Fig. 6(a), a supply shaft 301 a 
In which the attachment groove including the tapered 
45 surface was fomied, and using, as shown In Rg. 6(d), 
an combustion gas seal for Injectors lb having a cross- 
sectional rectangular shape that was not disposed with 
a tapered surface. 

[0068] The dimensions of each part were as lllustrat- 
50 ed. 

[0069] Simllariy, In order to conduct evaluation in re- 
gard to the combustion gas seal for injectors according 
to the embodiments of the Invention, the evaluation was 
conducted using, as shown In Fig. 6(a), the supply shaft 
55 301a in which the attachment groove including the ta- 
pered surface was fomned, and using, as shown in Fig. 
6(b), an combustion gas seal for Injectors la including 
a tapered surface. The dimensions of each part were as 



5 



9 



EP 1 357 284 A1 



10 



illustrated. 

[0070] Moreover, for comparison, the evaluation was 
conducted using, as shown In Fig, 6(c), a supply shaft 
301b In which the cross-sectlonally rectangular attach- 
ment groove was not disposed with a tapered surface, 
and using, as shown in Fig. 6(d), the cross-sectlonally 
rectangular combustion gas seal for injectors lb that 
was not disposed with a tapered surface. The dimen- 
sions of each part were as illustrated. 
[0071] It should be noted that, in regard to any of 
these, aluminium (AL) was used for the material of the 
supply housing 302, stainless steel (SUS) was used for 
the material of the supply shaft 301. and filler- in eluding 
PTFE (polytetrafluoroethylene) was used for the mate- 
rial of the combustion gas seal for Injectors. 
[0072] As a result of the evaluation testing, the rela- 
tion between the pressure of the supplied gas and 
the gas leakage amount was as shown In the graph of 
Fig. 7. 

[0073] As is clear from the drawing, It will be under- 
stood that the combustion gas seal for Injectors In which 
the tapered surface was disposed at the attachment 
groove, as In the embodiments of the present Invention, 
had excellent sealing perfonmance with little gas leak- 
age In comparison with the case in which the tapered 
surface was not disposed. 

[0074] It will also be understood that the combustion 
gas seal for injectors whose cross-section was rectan- 
gular and In which the taper was not disposed was more 
excellent. 



(Second Embodiment) 

[0075] A second embodiment Is shown in Fig. 9. In 
the first embodiment, a case was described In which the 
inclined surface disposed at the bottom of the attach- 
ment groove was configured by one tapered surface. 
However, In the present embodiment, a case Is de- 
scribed In which the inclined surface is configured by 
plural tapered surfaces. 

[0076] Because the other structures and action In the 
present embodiment are the same as those of the first 
embodiment, the same reference numerals are given to 
the same structural portions and explanation thereof will 
be omitted. 

[0077] Fig. 9 Is a schematic cross-sectional diagram 
showing a seal structure according to the second em- 
bodiment of the Invention. 

[0078] As Is Illustrated, the present embodiment has 
a configuration in which a first tapered surface 33b and 
a second tapered surface 33c that serve as Inclined sur- 
faces in which the clearance between the Inclined sur- 
faces and the Inner peripheral surface 41 of the mount- 
ing hole of the engine head 40 narrows from the engine 
bore side, which senses as a pressurized side, towards 
the atmospheric side, which serves as a opposite-pres- 
surized side, are adjacently disposed at a groove bottom 
33a of an annular attachment groove 33 disposed In (the 



outer periphery of) the edge portion of the injector 30. 
[0079] And, the angles of Indinatipn of the first ta- 
pered surface 33b and the second tapered surface 33c 
are set so that the degree of diameter expansion, in 
s which the diameter expands towards the opposite-pres- 
surized side, becomes greater In the second tapered 
surface 33c at the opposite-pressurized side. 
[0080] That Is, In Rg. 9. the angles of Inclination with 
respect to the ordinary groove bottom portion satisfy the 
10 relation that an angle y of the first tapered surface 33b 
Is less than an angle 6 of the second tapered surface 
33c. 

[0081] According to the above configuration, similar 
to the case of the first embodiment, the combustion gas 
IS seal for injectors 1 slides toward the opposite-pressu- 
rized side due to pressure being applied thereto from 
the engine bore side as creep deformation proceeds 
with time. And, In this case, surface pressure with re- 
spect to the Inner peripheral surface 41 of the mounting 
20 hole Is generated by a reaction force received from the 
first tapered surface 33b, and It becomes possible to 
maintain sealing perfomiance. 

[0082] Additionally, In the case of the present embod- 
iment, the first tapered surface 33b and the second ta- 
25 pered surface 33c, which have respectively different an- 
gles of Inclination, are disposed, and the degree of di- 
ameter expansion Is greater In the second tapered sur- 
face 33c. Therefore, It is clear that, In a case in which 
pressure P Is received from the engine bore side, the 
30 relation between^ sliding amount XI , when the end por- 
tion of the combustion gas seal for injectors 1 slides 
along the first tapered surface 33b. and a sliding amount 
X2, when the end portion of the combustion gas se^l for 
injectors 1 slides along the second tapered surface 33c, 
3s is one In which XI is greater than X2. . 

[0083] Thus, the combustion gas seal for Injectors 1 
slides toward the opposite-pressurized side with time, 
but the sliding amount Is reduced when the end portion 
thereof reaches the second tapered surface 33c. Thus, 
40 In comparison with the case of the first embodiment. It 
becomes possible to extend the period of time In which 
It Is possible for the combustion gas seal for injectors 1 
to slide. 

[0084] Therefore, because surface pressure with re- 
45 spect to the Inner peripheral surface 41 of the mounting 
hole can be maintained during the period In which it is 
possible for the combustion gas seal for Injectors 1 to 
slide, stable sealing performance can be maintained. 
Thus, the combustion gas seal for Injectors 1 has excel- 
so lent longevity In comparison with the case of the first 
embodiment. 

[0085] Here, the smaller the groove depth, the greater 
the surface pressure with respect to the Inner peripheral 
surface41 of the mounting hole becomes, andthegreat- 
55 er the sliding amount of the combustion gas seal for In- 
jectors 1 becomes. Conversely, the larger the groove 
depth, the smaller the surface pressure with respect to 
the Inner peripheral surface 41 of the mounting hole be- 
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comes, and the smaller the sliding amount of the com- 
bustion gas seal for Injectors 1 becomes. 
[0086] Therefore, although It is preferable for the slid- 
ing amount to be small and for the surface pressure to 
be large, it is difficult to balance both with only the groove 
depth. Thus. In the present embodiment, the combus- 
tion gas seal for injectors 1 can maintain surface pres- 
sure with the first tapered surface 33b and can reduce 
the sliding amount by reaching the second tapered sur- 
face 33c. 

[0087] It should be noted that, although description 
has been given in the explanation up until now of a case 
where the inclined surfaces are configured by two types 
of tapered surfaces, the embodiment Is of course not 
limited to two types, and the inclined surfaces can be 
further configured by plural tapered surfaces. In this 
case, it goes without saying that the angle of inclination 
of each tapered surface should be set so that the degree 
of diameter expansion of the tapered surfaces becomes 
successively larger towards the opposite-pressurized 
side. 



the same effects as In the case of the second embodi- 
ment. 



(Fourth Embodiment) 



(Third Embodiment) 

[0088] A third embodiment is shown In Fig. 10. Al- 
though a case was described In the first embodiment In 
which the Inclined surface disposed at the bottom of the 
attachment groove was configured by a tapered sur- 
face, a case where the inclined surface is configured by 
a gently curved surface Is described in the present em- 
bodiment. 

[0089] Because the other stmctures and action in the 
present embodiment are the same as those of the first 
embodiment, the same reference numerals are given to 
the same structural portions and explanation thereof will 
be omitted. 

[0090] Fig. 1 0 Is a schematic cross-sectional diagram 
showing a seal structure according to the third embod- 
iment of the invention. 

[0091] As is illustrated, the present embodiment has 
a configuration in which a gently curved surface 34b that 
serves as an Inclined surface in which the clearance be- 
tween the Inclined surface and the inner peripheral sur- 
face 41 of the mounting hole of the engine head 40 nar- 
rows from the engine bore side, which serves as a pres- 
surized side, towards the atmospheric side, which 
serves as a opposite-pressurized side. Isi disposed at a 
groove bottom 34a of an annular attachment groove 34 
disposed In (the outer periphery of) the edge portion of 
the injector 30. 

[0092] This can be said to be a configuration in which, 
in the configuration disposed with plural tapered surface 
as in the second embodiment, a limitless number of ta- 
pered surfaces are continuously disposed. 
[0093] By configuring the Invention is this manner, the 
sliding amount as the combustion gas seal for injectors 
1 slides towards the opposite-pressurized side with time 
is gradually reduced, and it becomes possible to obtain 



[0094] A fourth embodiment Is shown In Rg. 12. In the 
present embodiment, the attachment groove is config- 
ured by a two-stepped groove; 

[0095] Because the other structures and action in the 
10 present embodiment are the same as those of the first 
embodiment, the same reference numerals are given to 
the same structural portions and explanation thereof will 
be omitted. 

[0096] Because the first embodiment, as shown in 
'5 Fig. 1 1 , has a configuration In which the tapered surface 
31 b Is slnrply disposed at the opposite-pressurized side 
(atmospheric side (A)) of the groove bottom 31a of the 
attachment groove 31 , a side wall surface 31 c is present 
at the atmospheric side (A). 
20 [0097] Therefore, depending on the conditions of the 
respective dimensions, shapes and pressure, and envi- 
ronmental conditions, sometimes the combustion gas 
seal for Injectors 1 moves with time towards the atmos- 
pherteside (A) and. as shown In Fig. 11 , the end surface 
25 thereof abuts against the side wall surface 31 c. 

[0098] Because the combustion gas seal for Injectors 
1 does not slide any further when the combustion gas 
seai for injectors 1 abuts against the side wall surface 
31c, surface pressure with respect to the Inner periph- 
30 eral surface 41 of the mounting hole Is not generated 
and sealing performance drops. 
[0099] Thus, the present embodiment has a configu- 
ration In which sliding reguiation of the combustion gas 
seal for injectors 1 Is eliminated. 
35 [01 00] Rg. 12 is a schematic cross-sectional diagram 
showing a seal structure according to the fourth embod- 
iment of the Invention. 

[0101] As Is illustrated. In the present embodiment, 
the annular attachment groove 32 disposed in (the outer 

40 periphery of) the edge portion of the Injector 30 is con- 
figured by a two-stepped groove that Includes a first 
groove portion 32a. which has a deep groove bottom, 
and a second groove portion 32b, which has a shallower 
groove portion than that of the first groove portion 32a. 

45 Also, a tapered surface 32c that serves as an Inclined 
surface Joins the first groove portion 32a and the second 
groove portion 32b. 

[0102] In an initial state, similar to the first embodi- 
ment, the combustion gas seal for injectors 1 is attached 

50 at a position at which the first groove portion 32a and 
the tapered surface 32c are disposed. 
[0103] According to the above configuration, even in 
a case where the combustion gas seal for Injectors 1 
slides towand the atmospheric side (A) due to creep de- 

55 formation with time and the end at the atmospheric side 
exceeds the tapered surface 32c, the combustion gas 
seal for injectors 1 can further slide only by the amount 
disposed with the second groove portion 32b In compar- 
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Ison with the case of the first embodfrnent, whereby sur- 
face pressure with respect to the inner peripheral sur- 
face 41 of the mounting hole c^n be maintained. 
[0104] Therefore, a drop In surface pressure can be 
prevented, and It also becomes possible to improve seal 
life. 

[0105] Itshouldbenotedthatthe Inclined surface join- 
ing the clearance between the first groove portion 32a 
and the second groove portion 32b Is not limited to the 
one tapered surface 32c shown in Fig. 12. The inclined 
surface may be configured by plural tapered surfaces, 
as in the second embodiment, or by a curved surface, 
as in the third embodiment. 

Industrial Applicability 

[0106] As described above, with the present Inven- 
tion, it becomes possible to reduce vibration and noise 
while reducing the number of parts, and to improve seal- 
ing performance. 
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5. The seal stnK^ture of any one of claims 1 to 4, 
wherein 

the attachment groove is configured by a two- 
stepped groove that includes a first groove portion, 
which has a deep groove bottom, and a second 
groove portion, which has a shallower groove bot- 
tom than that of the first groove portion, with the in- 
clined surface being disposed between the first 
groove portion and the second groove portion, and 

the combustion gas seal for injectors is at- 
tached, In an Initial state, at a portion at which the 
first groove portion and the inclined surface are dis- 
posed. 



15 6. 



Claims 

1 . A seal structure comprising: 

a mounting hole that mounts an injector and is 
disposed in an engine head; 
an annular attachrrient groove disposed In the 
injector; and 

a resin-made combustion gas seal for injectors 
that is attached to the attachment groove and 
seats an annular space between the mounting 
hole and the injector, 

wherein an Inclined surface, in which an clear- 
ance between the inclined surface and an inner pe- 
rlpheml surface of the mounting hole narrows to- 
wards a opposite-pressurized side, is disposed at a 
groove bottom of the attachment groove. 

2. The seal structure of claim 1 , wherein the inclined 
surface is a tapered surface whose diameter ex- 
pands towards the opposite-pressurized side. 



3. The seal structure of claim 1 , wherein 

the inclined surface Is configured by plural ta- 
pered surfaces having respectively different angles 
of inclination, and 

the angle of inclination of each tapered sur- 
face is set so that a degree of diameter expansion 
of the tapered surfaces becomes successively larg- 
er towards the opposite-pressurized side. 

4. The seal stmcture of claim 1 , wherein the inclined 
surface Is a curved surface in which a degree of di- 
ameter expansion becomes larger towards the op- 
posite-pressurized side. 
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The seal stmcture of any one of claims 1 to 5, 
wherein a cross-sectional shape of the combustion 
gas seal for injectors is rectangular. 

The seal structure of any one of claims 1 to 6, 
wherein an Inclined surface. In which the clearance 
between the inclined surface and the inner periph- 
eral surface of the mounting hole narrows towards 
the opposite-pressurized side along the inclined 
surface disposed at the groove bottom of the attach- 
ment groove, is disposed at a seal surface side, 
against the groove bottom of the attachment 
groove, of the combustion gas seal for injectors. 

. . A resin-made combustion gas seal for injectors that 
is attached at an attachmerit groove disposed In an 
injector mounted in a mounting hole of an engine 
head and seals an annular space between the 
mounting hole and the injector, the combustion gas 
seal for injectors Including 

a first seal surface that Is in tight contact with 
an inner peripheral surface of the mounting hole, 
and 

a second seal surface that is in tight contact 
with a groove bottom of the attachment groove, 

wherein ah abutment portion that abute 
against an Inclined surface, In which an clearance 
between the Inclined surface and an inner periph- 
eral surface of the mounting hole narrows towards 
a opposite-pressurized side, that is disposed at a 
groove bottom of the attachment groove Is disposed 
at the second seal surface. 

The combustion gas seal for injectors of claim 8. 
wherein an inclined surface, In the clearance be- 
tween the inclined surface and the Inner peripheral 
surface of the mounting hole narrows towards.the 
opposite-pressurized side along the inclined sur- 
face disposed at the groove bottom of the attach- 
ment groove, is disposed at the abutment portion. 
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*«e>s. 1 2 ofj>4Urt»cjK*«-r'^T^/»-r-&^^«. js 
itw©i5i»*»«ifcMbfci^m-ei^i¥bT*j&-6. 

[0 0 14] *%^©yp h>»cJ:§iK^tta*wrs 

TIE— (1) t!m^n^momvmm 

<D3t>. mf)Mi^mm. (b) 25i<:/iiD3gb*.fa: (o * 

iSf-atb. H»r«Oigb*fil[ (A) ^feWbxv^T'bJcVi 

[0 0 15] 
[<fc3] 

OH 





Wo 



(1) 



(A) 



(B) 



[0 0 16] iCcfs. R' BlZ/RM*. ^b<«S/& 



(C) 

OilL^ffi (A) , (B) (C) ©^;P4J-^S« 

so -r. 



( 5 ) 



[0 0 17] Sit*^?g©:/D h>lrj;SK^ttS*W 
T^^m-tmt. Mir, TIB-IS^ (2) T«$ns« 
Oilb^ffi (D) SrjSJatr*^ IxVi. 

[0 0 18] 

Ht4] 




(2) 



10 



(D) 



[0 0 19] R'tt. **®TXtt->t5^;i'S*^ 

^f, ntt, 0 ~ 5 ®SSc«:*-r. dtt, *fi-&<ic'f© 
IfeOilb^^fl: (D) ®^:;i'i^*Sr«-r. 
[0 0 2 0] C<DJ:5Ja:*ffi^*|CT«, (1) »OSb 20 

(B) (C) or)2a*jj5ai:r-5 

J^®> (2) 8iOigL¥CIC (A) , JUrjjgL^fir (b) 

xtxjsojgbmfit (c) (D3m=S:^mfr^mm, 

(3) «r)igu*ffi (B) . mf)mvm^fSL (o xr^js 

osbJ*Lfi[ (D) (^sm^iii'mfr^mm. mmz. 

(4) «iDigb*fii (A) , «it)jgbmfir (B) , mo 

MVm^ (C) &Z/J«OjSLmfii (D) ®4aS:jiJ^t 

•=>(omm<oot> (4) ©j^ffidn )it^:7'ph>«rj;«.® 30 

[0 0 2 1] *^?gcD^^a-a-#:|C:feViT, 

\z^^^m.m<o^mnmm^. j^oigb^is (a) 4o 
JIDjgb^R (C) lcJ;t)^S-r«.^:i:»rjis*i, ;i© 
#tt»roviTtt. (C) ifi-:fuh>\z^^un^&^m 
b3&:Vi«-g-Ktt (A) ©«-^m*<:;«c^Vi. Hic, 5a3S« 
©T;i';^U*^?^-N©^<Stt«, aiOiib^e: (A) , 
tSOjgb^Ci: (B) B:D;«S0ilb*{3r (c) ItiD^S 
T-&^lilc;i^*^ »t)jib*© (B) LWtKi 

Sb^ti (c) t^If^st, R«*tyah>icJ:«IK 

<«t)jgbmfij[ (c) om^m^ 
jstJSb^ffi (A) , moMvmu (b) s, so 
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T^mOmiymtSL (D) ICi;0f6S-r-5Jltfc3&:«.*t. Z. 

<Dwmz-o\>^xit. yiiy-)V(Dj:.o\zm^-vitif3i<. 
'fuh>izj::s>K^mm^&hmrzu^^^mmm=^m-r 

-5, ±izmOi&L^& (D) co«#M^*<:*:#Vit#^e, 
ns. c:n6©iiOjgb*«iof^ffl**fflsi 

*ir6j±^n-5Cli:lri^0. gJOiEb^fit (B) RZ^m*) 
jgb#fi[ (C) «:iJJ.Str-5C:i:<CJ;DiOa6Tjt^yp 

(A) &z^yx\tmomLm&. (d) *ijjat-r 

[0 0 2 2] ^^^gWT'n h>Jci-5iaSH4»^£*-r-5 
*a-&#:Ttt. — /KiC (1) icfeV^T, ffiOSbmffiCD 
^JI/i)^*lr^Vt«a, hRZfchVXti. c*«5~5 0 
a + b. f ;&t>^ a t b t®^th*<5 0~9 5 

tt, cA«5~2 0*;|/5g, a + bdt8 0~9 B^JPJgTf 

±^(D^mK>Mvm&:<^=^)v»mz^\,^x 

tt, *«^«:*«SJ^-r-S«0jgbm<24», a> b&l^c 

©^fh* 1 0 o^:;psKfr«. 

[0 0 2 3] Sfc, ^I^^WT'D h>lcJ:-5BlSHtS=& 

wr'S^s-s-^*:*^ H»ciftDjgb#€i (D) ^^-mt-r 

^m^\Z. -jK^ (1) XZ^-UgSC (2) tr^feViX, It 
D®b*Cl[©=E;i/5^^lc*tt^a, b, c&t^dtbT 
«> c*t5~4 5^:;P%, a + b, -TTifc-feaibt© 
^th*t5 0~9 0^:;P%. dAt5~3 0^:;l'%T?fe^Cl 

2 0^;i'%, a + b*<5 0~9 0^;P%, d**5~3 0 

^jPSSTfe^s. fi^. ±IH©S-li03gbmfi[®t;i'^)'^ 
»C:feV»T«, ^^S^{*^*«i^T^«IDiIb*(24', a, 
b, caLZ/d©-&th*l 0 0^:;i/5gt-r -5. 

[0 0 2 4] *»?g©::;^D h>jrj;^ffiigH4S^w-r^ 
moMLmu (a) *w-r as 

):Xb**. 0. 2^b/ (a + b) ^0. BS^&m^TZ. 
t**»*bVi. -ra:t>-6, «ID®b#«i©^;U4J-*fc* 

ItSatb t©-&t1-i£l 0 0^:;l/%tb;fet^, b*«2 
0~9 S^rJl'^Tfife^CltAWSbV^v. 2 0^Jl/%*t^ 

[0 0 2 5] ±12— IK^ (1) \Z^},-f^R*X$>^Zfa 



( 6 ) 

9 

1 -X?=^;|/i^i7D'\:^r'>;i'S. 1 -pi5^;p->i?D'^ 
:*^;u»©*^MT« 1 -DXfS 2 0£t±AtE^«^>«^<^ 

1 -p^ h^>'X5^;kS, 1 -xh4^->x^;i/ 
S> 1 -:^h=^^v'X5";i'S. t -:/mr5'*;i'3Kxjw 
hU;<f^;i'->'j;i'S, h»jx^;p->u;i'S^cr)'\7=- 

1 -^^;i'7'5''v>^;i/S, 1 -x5';i.7'^^-7>5" 
y5?-V>> •!J-lf*>, y^a>. *P>. 20 

10 0 2 6] ±fS— (1) ir^feJtSR* tbT«, 

t - h ^ ->;«7 ;i.3i?x;ps, ^ h ^ t H a if 

AS n-g. Ir^T fel^jKT/lK^llTSil^l- 

[0 0 2 7] ±IH**i^T£A^©e^SibT«, 7)^ 40 

(xf^;u», t ^©W«S* : t;!/ 

[0 0 2 8] ±iS-)!2^ (1) iz^»^R*x;^^mm 

xitmmm7)i^)imtVT\t. t -fvy 
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■XM^t\^'yi7U7}V^)V^: \-:^j^)V'^^u^^-^ 
^y^)V&. 1 -x5^;i/>'^P'<>5^;i/S^©v':i7nT 

»i. b^p^^Sx;!/*. ;«7;i'3t?=^r->Ji/S. K^Sci~40 
7;i'+;i'S. t hp+->7;u+;ps, ^)Vifs^>'7)v^ 

[0 0 2 9] ±IE— /Kit (1) JC:feft«>R' i:LT«. 

ph>tcj;-5att^ttSTib^ct*t*f*b<, mzmm 

9S;iC (1) »c:feViTRMa, t-:/5^;PS. i- 
;jt^;i'i>i'P^+>';i'*. 1 -x^;i/v'i^P'\^r->;u 
1 -^5^;P>'i7P'^>5^;us, 1 -x^ji/j^^P'^ 
1 - ;>«5^;i/7^^"v >^;w»x« i -x5^;i'7 

[0 0 3 0] *%?g®yp h >Jr Jc^JMSHSSSWr-S 
Ma^Fl^^H'S (Mw) *t2 0 0 0«Jt-C 
*«ilt**fiF*U<, 5 0 0 0 OJEtTT?*SC:t 

*<i(f*bVi. 2 0 0 0*SS-tfeStWf^tt*<^-5»^*< 
*Dv 5 0 0 O0i£e^-5iffil8l:/P h>»CJ:-5J0.ilt3 

^ < , *^^©f^ffl^^$^^)'irfgfi|-r<5 z. iiifi-c^fs. 

Vi*i-8-*tfe-5. J:Oiff*b<«, 2 5 0 0K±T*D, 
Sfc. 2 5 0 0 OIJtTT*^. HJciifib<«. 30 0 
0fi<±t?2&0> ^tz.. 1 5 0 0 0etTT?i&-5. 2^: 

[0 0 3 11 *fe§3©:/a h>ir«J:SlKSIttS*wr« 

^^a^^^soa-rs^^fetbTtt, i*ojgb*{fl: (a) 
Rz/«H)fgb*e (c) ^'i^^iit^. cinicun 
^T»Digb*fi: (D) ^>z-m.itt^^m^w^mM-r 
«xiisfT^fc«> tiioigbmffi (A) ^tw-rsR'T? 

•&JlitrJ:0»OiIbm«a: (B) SJ^^KTSig^fr^ 
*JS^AWiST?*«. j:©J;57S:i^;^ftirJ:0, ±iB 

©5-fe, (1) ISIDSb^^it (B) BLl/f«iDMbm{£ 

(C) ©2aS:/gjai:-r-5J^Si, (2) «IOjgL^€lC 
(A) , ISOigb^ffi (B) S,tX«Digb*{ft (C) © 

sa^ifj^t-r^j^fii, (3) lioigb^fii (B) , tt 

DMbmCi (C) S.tX«IOjlb¥{a (D) ©3a*iJJ>« 

t-r^mm. mzMz. (4) jtoigb^ci: (a) , uid 
igbmfit (B) . «oigbm«i (c) xut»Digb*<fl[ 

(D) (D4m'S:'Z-m.ii-r^mm^^^m^<mm.-r^zLt 

Tb^x^^^tizfsi^. Sfc, JiiOjgb*^ (B) 
■r-5¥«#:2feO:|*»3jgb*{2 (C) €:J^^-r-S*««: 



( 7 ) 
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xfa, c:njc:iraxTt*Ojibm©[ (a) ^mm-^ 
¥«#:^igDjgL.*& (D) ^m^-r^^miif^m^m 

[0 0 3 2] JifS«iOiib*fi[ (A) *Jg^-rsmft«: 
tbTtt, Tie— jKiC (3) : 
[0 0 3 3] 
[<b5] 



CH2=C 




(3) 



[0 0 3 4] (jS.^. R'XC^R'«, JifBtl^i;. ) T? 
[0 0 3 5] ±IBt HD+5'X^^>!lSi:UTtt. 2- 

[0 0 3 6] Jtffi:t-^7^>«i:bT«, X^^>. ^ 
^^^4-2 0©^tt:tP':7^>il ; v'i/D'^>T->^ 

-f >fg : y;Pd?;pr.^>, ifs^i^n [2. 2. i] 
^'-2-x>, tfS^i^D [2. 2. 13 ^:/^'-2, 5 
-$^x>, 5-/;i'3}?;p:^>-2-;<^'/— ;k ifs^i^ 

D [2. 2. 2] :ti'h-2-X>» tfi^^D [2. 
2. 2] :ri^h-2. 5-5?X>. \£.^i7Xi /-TV^X. 
>, >'$^i7D'<>^'^?x>, ^^;P>'i'D^>:5'i?X> 

^-fv— , ifv-i7D-^>^'>?x>T-fe5=— h> ri>'-7> 

IS:7^n^'f>, j!<3't5'nK>, ^uhyrju^ii 

Wt;7i7U)i^mJ^Xy^M ^^'i7U;P^xXT-;K i7P 
h>MxXT-;k a-t HD^5'><5=^;P7i7U;i'Sixx 
T-;i/^©:t^:7>r >:^;i/5t?>ffixx7^;i'a : ^^'jvfx 
.)Virh>. X5^U5^>7-fe h>, ^->g^;l':t4^->H^© 



10 



20 



30 



40 



12 



-;i/x— 7-;k :/^;i'tfxji/x— 5^;k^©bfx;i^x— 7^ 

[0 0 3 7] ^\zmK)Mvmu (A) *j^^-r-5¥«**^ 
tbT«, -mxit^mumvxmomvmiSL (b) 

^«|-rSJli:A*i&^Tf*-5, 4- t -yh+v'X^^k 

3 - t-fh'^y-7.'^U>. 2- t -:/h^r->X5^ 
^>**iff*L/<, 4- t 

[0 0 3 8] J:|2ttDiIbmia (C) Sj^^f^^Sf^^ 
tbTtt> TE-JRSC (4) : 
[0 0 3 93 
[flS63 

'OH 



CH2=C; 




(4) 



[0 0 4 03 (s:^. RMa. ±iEtigi;. ) T«$n 

;<5^;W2- (t HP^r->;<^;P) mVU-h. ol^JU 
2- (h HD=^->pt^;w) T^UP-h, t-:/g^;u2 

- (tHP^->^?^;w Ti^ui^-hv -fyypt!;i'2 

- (b HP=1rv';<5^;k) 7i7VU-h. n-:^Db;i'2 

- (bHP*>^;>t5^;i') Ti^Ut'— n-:f'^}V2- 
(bl«P=^^$^^^;P) 1 -;<5^;i'->^P 

^^^>';P2- (b KP=^^>'><5^;1') 7i7VU—h. 1- 

x5';i/>'i7P'\^i';i/2- (b kp+s^^5^;p) t^^u 
U—h. l-:^=f-)V=^irtiy^>^}V2- (bHP^r>';>i 

Ti^Ul^— h> \-:i^^)Viy^u^>^)V2- 
(b HP=t^->;<9^;W T^UP'-h^ 1 
>5"JP2- (bHP:^^->^g^;W 7i"JP— h, 1-x 
^;i'TyT>5^;W2 - (b Hn+>'pt5=-;i') Ti^UP— 

3 iB^SRl^^ Tf 1 J; D L < , t - y^}V 
2- (bKP+->^?;W Ti'UP-hj&iMlCjifSb 

[0 0 4 1] IMUkK^^Ml^W-^ (D) *?g^T^m«#: 
<i:bT«. Tia-Jfta; (5) : 
[0 0 4 23 
(fl273 



50 



( 8 ) 
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14 



cH2=c; 




(5) 



[0 0 4 4] ±tB*fi-&<^E©®ia;&feJC;feUiT«, 

(1) (Dmmi^ (2) oji^ffi©^^a^«c*§sjfi-r-5«-g- 

(c) ^m^-r^^&ii^^'Jii-m.iiVT'^tsmmi^ 

~5 0*;W3g» a + b*«5 0~9 5^;i'?6©ieHF'it)&: 

(A) &PfiK-r-5¥a«:, aiDSb^ffi <c) 
/s-r«-*«.^Rz/tsojgbmfi[ (D) *}^j«-rs¥af^ 

a^|f©fi£^»£, c*t5~4 5^:;U5e, a + b*«5 0~ 
[0 0 4 5] *^§^<DyD h>fc<t-5Bi^tt«=&Wr-5 

■^a(*£*iaxtt2a£tJi||v»TfeJ;v%. c:oj:5ja:^ 

m t ^©XX5^;V!S : i7 y pi 3^ U W' 

Jk ^ ^ ^ u a - h u h y v— ; 

TirVJUrs^ H, ^^'i'U;i'75 H^©T5 KS-^W^ 

[0 0 4 6] *%l8©*a-&«c*Sijg-r«XSfc:teft-5 
: inf|ltJ;^a-&;&}i^©ti!E3|5^^©ffl.<r©;^S 

mm-^. a^t;a-&^©vi-rn©s-&:5}*T?t)j;vi*^ 4* 

[0 0 4 7] ±IS#^fi-g-:5j£IC*ViT, tt^iii&^pjtL 
Ttt. 'O^/'fJUA-rt >?- t 
:t=^-y--f K^©®K{t;ife ; 2. 2' -T'/izX^^Jf^ 
OXhUJk >'p(5^;P2. 2' -Tl/fX 
■/U\^:t:¥-h) > 2. 2' -7VtfX (2. 4 — >*p( 



5^jl'/'< D X h ij ^©7 yft;^ife^*tfiF®-cafe 0 , 
iaX«2ffi£A±?rfflViSC:i:d*T^S, 4'T?t>, ->T 

Vtr;^ (2->t5^JP:/Plf:J-:?^-h) *^«-r^cit;it 
»*UV». *«•&©*# tbT«. ^^-^tfX^© 

[0 0 4 8] ±l2®jfi:&ft{C:feViT«> mOM-V^^k 

(A) **Wf«R'T?^Sn^S«r— 

■a-T^^mTtSfarszitiriOJSDjgu^fi: (b) 

(c) *j8^stbTwr-&^a^*j:<£^sijic^/»$-ar, 
wtmm^m^r^xmoMvmiSL (a) AtwrsR'T?^* 

(B) <o=E)Vj^mifi±T&i^nif^mfHi:u^^v\z, sfS 

20 Itmz. SM[Sr3 0~7 0*CT?fT5^:tA«»*bVi. J: 
OfiF*U<«. 4 0-6 OIC-^fT^. MtCif*L<tt> 

[0 0 4 9] *^?8©*fi^<*t^*%|giC*Jt-5maa7^ 

miz^omMsn^^m^i^i'piz. ±mvftjioi^.}i^m. 
'H-NMR, c-NURmiimMizmmtsrt 

•5. 

[0 0 5 0] *%W©:/D h>lrJ:SjWf!ltt«*wr-5 

mizj^om^T^^ti'y ^ xDH^mmm^mmvtci&i^sL 
tS{t«nm<D^^i:m\z^»^m^ ummztfi■m^zmm 

[0 0 5 1] 

m-r^ifi. ^Bmi-iz:tiB<Dmmm<D3!).\zm^t£n^% 

asBj f%} tt rsa%j *3ic*-r-5*>©fr-5. 
[0 0 5 2] ^mm 1 mm-^i$:A) 

ikimm. mmmx'g. u&^. ^m'^^m^rz2 o o 

Om 1 ©:7 9;;^nicffKx5^;U5 5 SSB^ttJi^, 
T:foVifcp- t -:/h4^v'X5^t'> (PBS) 6 99 

g« t-:/^;P2- (fc KD+v-^g^jw) T'-^^iji^—j. 

(t-BHMA) 1 1 1 g*^?,75:-5*a#:S^#)©l 5 

50 mm%^yy:^=nz^xhtz. i^v^x. v'><^;i/2. 



( 9 

15 

2' (2 -^5^;wyDlf^;^i-h) (?D^M 

^imttis. m&z rv-6 0 ij ) 1 1 6 mm.x. 
\t5mm5o m^\fx, mtthmmisnt e i^ra 2 o 

5lrbT#^nfe^^fi-g-«:<&^y-a:ia, HLC-8 1 
J^^H^aS 7 0 0. iJ^^a^J^:* (Mw/Mn) 1. 6 8 
9 0t;P%, t -BHMA©fi^^«9 5*;i/%Tfeo 

[0 0 5 3] mnmmmKfS^ 

C:o*«^«:i 0 pg|5S:v»:r+-y->2 0 OSB, 7 

•feh>i 5 oiB©s-g-»jw»c»«iu a-g-sisti^^icD 

^£iJ->yU >ifV-C3 OflSfiilJKD'f :t>3?M*4'lrigA 

BS*i23 0^:;W%. p-hHP4^->;^5^^> (PH 30 
-^-CD^^RlS:® jft «r 4 5 0 OgB©'r:^->3^^7K 

(Mw/Mn) 1. 5 9-v$>^rc. ^ft. ^m<Dm^R 

XfNUR^^-hit^e,^ J:©SlS*#Ttt, t-BHM 

[0 0 5 4] m^mm 4o 

«fc«e>. 5^:i-^^iJ->5 0 glC^fi^flE (A) 2 0 g<&jgf 

T, 1 0 o'CTi^FB^^^i^-frfc. SJ^;ttr^c9^a^^^: 
(A) ^7,\i>a~-htrmmmi}^i unKDmsif-izisi^ 

idle, 5^h7;<9^;i'i?>'^-!f>T^7K'ft;^Sbfc'>U 

^AbKn^^ii--f K©4. 5%*)§^«JrSjSbfclS©® 
«M»£B*K^S*Slfcfi, DEKTAK I I A 

^m$>^-^mi&>'XTA\zTm^T^z.t\zjiO> t)v so 
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<D-mi:'>*j:3>mmzm-r^^-cw\o. g^©i«$sr 

mimrs-cfmr^:ii:iz^-:)X^t(>rz. 1 2 
o#£;rtic^*t^-^T^^-rs gjSta©jgjps 
^«JcSb;fc^raTl^^bT#ae)fc, 
[0 0 5 5] ^&-^{^ (A) tt, S*SW©^/SP3tSd«3 
0 0X1 0-'»in/t^T?* 0. SlS^©^&/5|3^At3 0 
0 0X1 0-"in/S>£;^±t;»c^;a:^«?jtg2gt;S:0. 

ttfc§tSbfcisic]K©tt*m-^i? ^ vCfifi?£. UT, u 

^^•-^©ft^^tbTffSbV^Cltdt^J-A^-Dfc. *g* 

1 tc^-r. 

[0 0 5 6] ||j&M2 (^a^^B) 

S^WBlSSSiS*. PBS^tis 3^:;i'?6, PHS^fi: 

t -BHMA^tll 6^;k%tc:ia:ofc^;^ 
TS:j£;S:<?±bfcc:t£i^1.«. IIM«»I1 i:l^«©Slf^& 
fTVi«a-&«c (B) *#T, «»tt«lS*fT-=.fc. ilS** 

m. 1 ic^f. 

[0 0 5 7] IIM09 3 (*a^<*:C) 
*aflcil-S-«)tbT> PBS6 14g. t-BHMAl 
I8g. X5^W'>7 8 g*^S;a:«*>©&MVi, 
fSSiS*, PBS¥ta:2 i^;p%, PHS^fifc4 9^;i/ 

;^^|^>#ta:i 5^;i/SS, t -BHMA^filtl 5^: 

;P9sir;^-D;fe:^jSiT?S*6:*#f±bfce:t£t^l.tt, ^jgfisi 

[0 0 5 8] SIJfifia|4 (*«-a-i*:D) 
S#?eilJffiiatKJS«r, PBS*fir2 6*;i/5g. PHS*<2 
4 4^:;!/%, X^P>mfiCl 5^;l/?K. t-BHMA* 

firi 5t;p3iici^ofci^^-eRiS:«^±bfccitJ!Sl^ 
*JjfiM3i:ra)m©«lfP*ffVi*a^{*: (D) 

T, «!»ttfflis&ffofc. «r*&«i»c3at-r. 

[0 0 5 9] 5 (*a^^E) 

WSmW^K^^. PBS^^il 8^;U%, PHS^fii 
52^;P9S. ;^5^^>#fii 1 5^:;P%, t-BHMAm 
^ \ 5*;i'%ic;a:o/ti^j^TrSiS*^±bfcctm 

SIJgC^3i:|^^©glf^*fTV^*fi-&^ (E) 

[0 0 6 0] 6 (^^a^^^EF) 

^a«£il^^tbT. PBS 5 8 3g, t-BHMAl 

2 1 g, 7.=5-V> 10 6 g*^^7iS%)©$^ffiVi, 
ffilSISiS:*, PBS^fiil 7^:;i'%, PHS*fir4 8^ 
7.J-Vy^^2fi=^)V%. t-BHMA^fi[15 

^;pas»c^-pfci^;^tfRis*^jhb)S:J:ie^ntt, llis 

091 tl^«l©^f^$rfTV^*a^«£ (F) *=»T. il&ttfll 
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